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(54) SURFACE TREATING METHOD, AND TREATING MEMBER THEREFOR 



(57) Via a first path (P1 ) which extends for continu- 
ous treatment from one longitudinal end to the other of 
a cylinder head (H) passing between pairs of exhaust 
ports (15) and pairs of intake ports (14) opposed to each 
other with respect to one cylinder and which terminates 
in a tension bolt hole (21 ), and via second paths (P2P5) 



which, after treatment by this first path (P1 ), extend for 
successive treatment from cylinders adjacent the termi- 
nal point of the first path (P1) and between a pair of ex- 
haust ports (15) and a pair of intake ports (14) opposed 
to each other and which terminate in tension bolt holes 
(21) ; the surface of the cylinder head (H) is stirred for 
refining without melting it by the heat from a rotating tool. 
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D scription 

TECHNICAL FIELD 

[0001] The present Invention relates to a surface 5 
treating method of an aluminum alloy casting, for exam- 
ple, and to a treating member therefor. 

BACKGROUND ART 

10 

[0002] Recent years, the highest compression pres- 
sure within a combustion chamber has increased from 
about 1 20 kgf/cm 2 to about 1 50 kgf/cm 2 with an increase 
in power of diesel engines used for automobiles, so that 
the heat load applied to an aluminum alloy casting such * 5 
as a cylinder head constituting the chamber has also 
increased. Therefore, a remelt treatment has locally 
been performed (for example, between adjacent ports 
(a space between valves)) in order to improve heal re- 
sistance to thermal fatigue or thermal stresses (see Fig- 20 
ure 30). Further, the depth of the remelt portion being 
required has also become greater than before. 
[0003] Figure 34 is a flowchart illustrating a manufac- 
turing process of a cylinder head used for a conventional 
diesel engine. Figure 35 is a schematic diagram illus- 2s 
trating the remelt treatment in the manufacturing proc- 
ess of Figure 34. 

[0004] At step T1 , the cylinder head, as an intermedi- 
ate, is cast as illustrated in Figure 34. At step T2, the 
casting is removed from a mold, then a sprue gate is 30 
cut. At step T3, the casting is subjected to a T6 heat 
treatment mainly for the purpose of sand stripping. At 
step T4, pre-processing for the remelt treatment is con- 
ducted. At step T5, the cast is pre-heated. At step T6, 
the space between valves of the cast is subjected to the 35 
remelt treatment. At step T7, the cast is subjected to the 
T6 heat treatment again. At step T8, a finish processing 
is conducted. 

[0005] In the remelt treatment, as shown in Figure 35, 
the cast which was subjected to the sand stripping is 40 
pre-heated, then an electrode is brought close to the re- 
gion to be surface-treated and is moved while producing 
a TIG or plasma arc between the electrode and a mem- 
ber to be surface-treated, in order to melt a texture to 
be treated to a predetermined depth and to solidify the 
texture again. Therefore, this treatment has effects of 
making the melal lexlure finer and of increasing its elon- 
gation by achieving a reduction of casting defects. Fur- 
ther, the residual stress which is caused by the remelt 
treatment is released by performing the T6 heat treat- so 
ment again after the remelt treatment. In the remelt 
treatment, the metal texture is made finer by increasing 
a cooling rate during the re-solidification. 
[0006] As another surface treating method, Japanese 
Patent Application Laid-Open No. 7-88645 discloses a 55 
structure which enhances its adhesion with a base ma- 
terial and intends to improve resistance to thermal fa- 
tigue, by means of padding an Al-Cu based alloy having 



a higher solidus than the base material to the space be- 
tween valves in order to form a high strength layer. 
[0007] Further, though in a different technical field 
than the surface treating technology, Japanese Patent 
No. 2712838 discloses a welding technology wherein 
probes are inserted while being rotated into joint surfac- 
es of the two members and translated, then the metal 
textures which are close to the joint surfaces are plasti- 
cized by the frictional heat and bonded to each other. 
[0008] Still further, Japanese Patent Application Laid- 
Open No. 10-183316 and Japanese Patent Application 
Laid-Open No. 2000-15426 disclose a method for treat- 
ing the surface of a cast, such as an abutting surface for 
a cylinder block of a cylinder head, wherein a rotating 
tool whose end portion has a shoulder portion provided 
with a protrusion is squeezed while being rotated into 
the surface, then the surface is stirred with the heat in 
a non-melting state. 

[0009] However, the above described remelt treat- 
ment imposes a restriction on the depth which is capable 
of being treated, because the shoulder die wear is 
caused by over-melting due to the small heat capacity 
of the space between valves, even when an amount of 
heat input is increased for the purpose of increasing the 
treating depth such that the depth is adapted to an in- 
crease of the heat load which is applied to the cylinder 
head. In addition, increasing the amount of heat input 
results in a long solidification time, so that the effect of 
making the texture finer becomes less and pinhole de- 
fects also increase. Therefore, an effect which is ob- 
tained by increasing the treating depth is cancelled out, 
so that it becomes difficult to obtain the intended effect 
of improving heat resistance. 

[0010] Further, increasing the amount of heat input al- 
so results in the easy occurrence of cracks in the mem- 
ber due to the thermal stresses during the remelt treat- 
ment, so that the member is required to be pre-heated. 
In addition, a base material containing magnesium has 
a possibility of not providing the required mechanical 
characteristic because magnesium is vaporized and de- 
creased at the time of melting and the reinforcement 
width strength improvement of the member becomes 
small due to the T6 heat treatment which is performed 
after the remelt treatment. 

[0011] In terms of quality, ensuring a qualitative sta- 
bility becomes a problem because the treating depth 
largely varies due lo variations in the amount of heal 
input and displacements caused by the magnetic arc 
blow and because the pinhole defects in the treating por- 
tion is affected by the gas content of the base material 
and the blow hole coverage ratio. 

[0012] In terms of productivity, a shielding gas is re- 
quired for preventing the melting portion from being ox- 
idized because the treating portion is melted, and fur- 
ther, a process of eliminating a cast surface before the 
treatment is added in order to prevent the defects 
caused by gases which are produced from surface ox- 
ides or impurities. In addition, a cost reduction has also 
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become a problem because a post heat treatment is re- 
quired for releasing the high tensile residual stress 
which is applied to the treating portion. 
[0013] in addition, the padding which is described in 
the above publication has a productive problem of how s 
to supply the materials used for this padding and a qual- 
itative problem of suppressing the pinhole defects and 
ensuring the stability of the base material dilution rate. 
In addition ; a problem caused by melting the base ma- 
terials also exists as in the case of the remelt treatment. 10 
[001 4] On the other hand, in the above described Jap- 
anese Patent Application Laid-Open No. 10-183316 
and Japanese Patent Application Laid-Open No. 
2000-15426, treating paths are required to be appropri- 
ately set in order to process a large region with the use *5 
of a small protrusion while preventing deformation of the 
material. 

[0015] The present invention has been made in view 
of the above described problems, and ils object is to pro- 
vide a surface treating method which can realize a deep 20 
treating region while preventing unfilled defects caused 
by the deformation of the material, and a treating mem- 
ber therefor. 

Disclosure of the Invention 25 

[0016] In order to solve the above described problems 
and to achieve the object, a surface treating method ac- 
cording to the present invention is a surface treating 
method in which the surface of a cast having concave so 
portions is stirred for refining without melting it by the 
heat from a rotating tool, wherein the surface treatment 
is performed such that, in a surface treating path of the 
above described rotating tool in a region which is in the 
closest vicinity of the above described concave portion. 35 
a material between the above described concave por- 
tion and the rotating tool flows in a direction opposite to 
the travel of the above described rotating tool. 
[0017] In addition, the surface treating method ac- 
cording to the present invention is a surface treating *o 
method in which the surface of a cast having concave 
portions is stirred for refining without melting it by the 
heat from a rotating tool, wherein the surface treatment 
is performed such that, in a surface treating path of the 
above described rotating tool in a region which is in the 4s 
closest vicinity of the above described concave portion'' ~ 
a material between the above described concave por- 
tion and the rotating tool flows in the same direction as 
the travel of the above described rotating tool. 
[0018] In addition, the surface treating method ac- so 
cording to the present invention is a surface treating 
method in which the surface of a cast subjected to the 
perforating is stirred for refining without melting it by the 
heat from a rotating tool, wherein the surface treatment 
is performed such that, by the use of the rotating tool 55 
whose diameter is smaller than that of a hole created by 
the above described perforating, a terminal point of a 
surface treating path created by the above described ro- 



tating tool becomes a position which is subjected to the 
above described perforating. 

[0019] And preferably, a plurality of the above de- 
scribed concave portions exist regions between the 
above described concave portions are refined by the 
above described rotating tool, and the above described 
surface treating paths are-set such that the above de- 
scribed refined regions are overlapped. 
[0020] And preferably, the terminal point of the above 
described surface treating path is set such that the path 
passes through the start point of the above described 
surface treating path. 

[0021] And preferably, the above described cast is a 
cylinder head having a pair of intake ports and a pair of 
exhaust ports corresponding to a plurality of cylinders, 
a continuous treatment is carried out along a longitudi- 
nal direction of the above described cylinder head and 
between the above described pair of exhaust ports and 
the above described inlake ports, and subsequently the 
surface treatment is carried out from a cylinder adjacent 
to the position and between the above described ex- 
haust ports and intake ports. 

[0022] Further, a surface treating member according 
to the present invention is a treating member which has 
concave portions and the surface of which is stirred for 
refining without melting it by the heat from a rotating tool, 
wherein the surface treatment is performed such that, 
in a surface treating path of the above described rotating 
tool in a region which is in the closest vicinity of the 
above described concave portion, a material between 
the above described concave portion and the rotating 
tool flows in a direction opposite to the travel of the 
above described rotating tool. 

[0023] Further, the surface treating member accord- 
ing to the present invention is a treating member which 
has concave portions and the surface of which is stirred 
for refining without melting it by the heat from a rotating 
tool, wherein the surface treatment is performed such 
that, in the surface treating path of the above described 
rotating tool in a region which is in the closest vicinity of 
the above described concave portion, a material be- 
tween the above described concave portion and the ro- 
tating tool flows in the same direction as the travel of the 
above described rotating tool. 

[0024] Further, the surface treating member accord- 
ing to the presenHnvehtioh is a treating member which 
is subjected to the perforating and the surface of which 
is stirred for refining without melting it by the heat from 
a rotating tool, wherein the surface treatment is per- 
formed such that, by the use of the rotating tool whose 
diameter is smaller than that of a hole created by the 
perforating, a terminal point of a surface treating path 
created by the rotating tool becomes a position which is 
subjected to the perforating. 
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Brief Description of the Drawings 
[0025] 

Figure 1 is a schematic diagram showing a f national 5 
stirrer for practicing a surface treating method of an 
embodiment according to the present invention; 
Figure 2 is an enlarged view of the vicinity of a pin- 
like tool in Figure 1; 

Figure 3 is a detailed diagram of the pin-like tool; 10 
Figure 4 is a diagram showing a shape of a tip pin 
of a spherical type; 

Figure 5 is a diagram showing a shape of a tip pin 
of a cylindrical type; 

Figure 6 is a diagram showing a shape of a tip pin *5 
of a thread type; 

Figure 7 is a diagram showing a component per- 
centage of an aluminum alloy of this embodiment; 
Figure 8A is a graph showing a treating depth with 
respect to a length of the tip pin; 20 
Figure 8B is a diagram showing the length of tip pin 
PL; 

Figure 8C is a diagram showing a maximum treating 
depth D max ; 

Figure 9 is a chart showing the treating depth with 25 
respect to a number of revolution and a feed rate of 
the pin-like tool; 

Figure 10 is a diagram showing an example of un- 
filled defects; 

Figure 11 is a diagram showing an oblique angle of 30 
the pin-like tool; 

Figure 12 is a flowchart for describing a manufac- 
turing process of a cylinder head used for a diesel 
engine of this embodiment; 

Figure 1 3 is a diagram illustrating a surface treating 35 
procedure for a space between valves; 
Figure 1 4 is a diagram illustrating the surface treat- 
ing procedure for the space between valves; 
Figure 1 5 is a diagram illustrating the surface treat- 
ing procedure for the space between valves; *o 
Figure 1 6 is a diagram illustrating the surface treat- 
ing procedure for the space between valves; 
Figure 1 7 is a diagram illustrating the surface treat- 
ing procedure for the space between valves; 
Figure 1 8A is a diagram showing a treating direction *5 
at the space between valves caused by a remelt 
treatment; 

Figure 1 8B is a cross-sectional view showing a 
treating depth caused by the treating direction in 
Figure 18A; so 
Figure 19A is a diagram showing a space between 
valves and a treating direction caused by a f rictional 
stirring treatment of this embodiment; 
Figure 19B is a cross-sectional view of a treating 
depth caused by the treating direction in Figure 55 
19 A, seen from a dir ction perpendicular to a mov- 
ing locus of the pin-like too!; 
Figure 20 is a cross-sectiona! view of the treating 



depth at the space between valves caused by the 
frictional stirring treatment of this embodiment, 
seen from a direction parallel to the moving locus 
of thepin-iike tool; 

Figure 21 A is a cross-sectional view of a metal tex- 
ture and a base material being subjected to the sur- 
face treatment of this embodiment: 
Figure 21 B is a cross-sectional view showing the 
metal texture and the base material in Figure 21 A 
separately; 

Figure 22A is a cross-sectional view showing the 
metal texture subjected to the surface treatment of 
this embodiment; 

Figure 22B is a cross-sectional view showing the 
metal texture subjected to the remelt treatment; 
Figure 23 is a diagram illustrating a characteristic 
of a frictional stirring treatment of a second embod- 
iment according to the present invention, showing 
a traveling direction of the rotating tool and a cross- 
section of a treating region in a material; 
Figure 24 is a diagram showing a cross-section of 
a treating region of a material obtained by a first 
treating pattern in the frictional stirring treatment ac- 
cording to the second embodiment; 
Figure 25 is a diagram showing a cross-section of 
a treating region of a material caused by a second 
treating pattern in the frictional stirring treatment ac- 
cording to the second embodiment; 
Figure 26 is a diagram illustrating an unfavorable 
example in case of treating a port edge; 
Figure 27 is a diagram illustrating a good example 
in case of treating a port edge; 
Figure 28 is a diagram showing an example of treat- 
ing paths which are caused by a surface treatment 
of a cylinder head of -a straight-type of multi-cylinder 
diesel engine employing the frictional stirring treat- 
ment according to the second embodiment; 
Figure 29 is a diagram showing an another example 
of treating paths which are caused by the surface 
treatment of the cylinder head of the straight-type 
of multi-cylinder diesel engine employing the fric- 
tional stirring treatment according to the second 
embodiment; 

Figure 30 is a diagram showing an example of a 
surface treatment of a cylinder head of a straight- 
type of multi-cylinder diesel engine employing a 
conventional remell treatment; 
Figure 31 is a graph showing a comparison of a 
hardness in case of being subjected to a T6 heat 
treatment with a hardness in case of not being sub- 
jected to the T6 heat treatment, both of which are 
previously subjected to the surface treatment by 
stirring; 

Figure 32 is a chart showing comparisons of tensile 
strengths and elongation characteristics in case of 
being subjected only to the T6 heat treatment, in 
case of being subjected to the T6 heat treatment 
after the surface treatment by stirring, and in case 



4 



1 160C29A1 I > 



7 



EP 1 160 029 A1 



8 



of being subjected to the T6 heat treatment after the 
remelt treatment, respectively; 
Figure 33 is a graph showing a relation between an 
initial hardness and a thermal fatigue life which var- 
ies depending on different heat treatments; 
Figure 34 is a flowchart illustrating a manufacturing 
process of a cylinder head used for a conventional 
diesel engine; and 

Figure 35 is a diagram illustrating the outline of the 
remelt treatment. 

Best Mode for Carrying Out the Invention 

[0026] Embodiments of the present invention will be 
described in detail below with reference to accompany- 
ing drawings. 

[0027] Figure 1 is a schematic diagram of a frictional 
stirrer for practicing a surface treating method of an em- 
bodiment according lo the present invention. Figure 2 is 
an enlarged view in the vicinity of a rotating tool in Figure 
1 . Figure 3 is a detailed diagram of the rotating tool. Fig- 
ure 4 is a diagram showing the rotating tool having a 
protrusion whose shape is spherical. Figure 5 is a dia- 
gram showing the rotating tool having a protrusion 
whose shape is a cylindrical. Figure 6 is a diagram 
showing the rotating tool having a protrusion whose 
shape is a threaded. 

[0028] A surface treatment performed through fric- 
tional stirring of an embodiment according to the present 
invention is directed to an aluminum alloy casting, as an 
example of a member to be surface-treated, and is par- 
ticularly employed for a surface refining treatment of a 
region between adjacent ports (a space between 
valves) formed on a cylinder head of an automobile, pis- 
tons, and brake discs, for example. This surface treat- 
ment intends to achieve, for example, finer metal tex- 
tures, uniform dispersion of eutectic silicon (Si) parti- 
cles, and a reduction of casting defects by means of stir- 
ring the region to be surface-refined of the aluminum al- 
loy casting without melting it by the frictional heat, so 
that the material characteristics including thermal fa- 
tigue life (low cycle fatigue), elongation, and impact re- 
sistance which are in better conditions than those of a 
conventional remelt treatment can be obtained. 
[0029] A situation in which the stirring is performed 
without meTtThg itls~meam li is per- 

formed with the metal being softened by the frictional 
heat at a temperature which is even lower than the low- 
est melting point among the components or eutectic 
compounds contained in the base material. 
[0030] As shown in Figures 1 to 3, a frictional stirrer 
1 comprises a cylindrical rotating tool 4 having a shoul- 
der portion 3 at a tip thereof to which a spherical non- 
consumable type of protrusion 2 is secured or mounted, 
and tool driving means 5 which presses and relatively 
moves this rotating tool 4 with respect to a surface re- 
fining region of the member to be surface-treated while 
rotationalry driving the protrusion 2 as well as rotating 



this rotating tool 4. 

[0031] As the tool driving means 5, an apparatus 
which allows the rotating tool 4 to be rotatable by a motor 
or the like and allows the rotating tool 4 to be movable 
5 in all directions including vertical and lateral directions 
by a feed screw mechanism or a robot arm or the like, 
wherein the number of revolution, the feed rate, and the 
pressing force of the rotating tool 4 are controllable, is 
used. In another form of the tool driving means 5, the 

10 rotating tool 4 may rotatablly pivoted and the member 
to be surface-treated may be relatively moved in all di- 
rections including vertical and lateral directions. 
[0032] The protrusion 2 and the shoulder potion 3 of 
the rotating tool 4 are made of a steel material whose 

is hardness is higherthan that of the aluminum alloy cast- 
ing, and a shape of the protrusion 2 is in a spherical form 
having a predetermined radius. The rotating tool 4 com- 
prises a first cylindrical shaft 6 the shoulder portion 3 of 
which has the protrusion 2 formed thereon, a second 

20 cylindrical shaft 7 having a larger diameter, than the first 
cylindrical shaft 6, is coupled to an upper end portion of 
this first cylindrical shaft 6, and a third cylindrical shaft 
8 having a diameter being larger than that of the first 
cylindrical shaft S and smaller than that of the second 

25 cylindrical shaft 7 which is coupled to an upper portion 
of the second cylindrical shaft 7. The third cylindrical 
portion 8 is mounted on the tool driving means 5. 
[0033] Although the protrusion 2 may be of several 
types of shapes such as a spherical type (Figure 4), a 

30 cylindrical type (Figure 5), and a thread type (Figure 6), 
the thread type in which a thread groove is formed on 
the peripheral of the pin is especially preferable because 
of its high stirring ability. 

[0034] Although AC4D. materiaL which is an alumi- 

35 num alloy standardized in accordance with the JIS, is 
used as an example of the member to be surface-treat- 
ed in this embodiment as shown in Figure 7, the com- 
position ratio is changeable within a certain range, that 
is, a magnesium (Mg) content can be changed from 0.2 

40 to 1 .5% by weight, and a silicon content (Si) can be 
changed from 1 to 24% by weight and preferably from 
4 to 13% by weight of the aluminum alloy. In addition, 
AC4B, AC2B, and AC8A which is used for a piston can 
be used. The reason for an upper limit of the silicon con- 

45 tent is set to 24% is that the material characteristic or its 
castability "becomes saturated "arid its stirring" property 
also deteriorates when silicon is farther increased. 
[0035] The aluminum alloy casting containing magne- 
sium enhances its strength by precipitating 

so Mg<SUB>2</SUB>Si by means of the heat treatment. 
However, if the metal is allowed to melt as in case of the 
remelt treatment in order to obtain a finer texture, mag- 
nesium having a low melting point (650°C) may be va- 
porized and its content may be decreased. Thus, when 

55 the magnesium content decreases, a desired material 
characteristic can not be obtained because its hardness 
and strength are lowered even when the heat treatm nt 
is performed. 
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[0036] On the other hand, in the surface treatment 
conducted by frictional stirring, magnesium will not va- 
porized since the metal texture is not allowed to be melt- 
ed, so that the strength of the aluminum alloy casting is 
enhanced by precipitating Mg<SUB>2</SUB>Si by 5 
means of the heat treatment. 

[0037] Although addition of silicon to the aluminum al- 
loy results in an improvement in its castability (flowability 
of molten metal, the shrinkage characteristic, and hot 
crack resistance) , the action of eutectic silicon as a kind 10 
of defect deteriorates its mechanical characteristics (an 
elongation). 

[0038] Eutectic silicon is hard and brittle and becomes 
a start point of the occurrence of cracks or a propagation 
path of the cracks, so that the elongation decreases, is 
And a fatigue life of a site which is repeatedly subjected 
to thermal stresses as in the case of the space between 
valves also decreases. Further, the metal texture exhib- 
its a morphology such lhal the euleclic silicon is inline 
with a dendrite, but it becomes possible to suppress the 20 
occurrence of cracks caused by the stress concentra- 
tion and the propagation of the developed cracks by 
means of refinement and uniform dispersion of the eu- 
tectic silicon. 

[0039] Figure 8A is a graph showing a treating depth 25 
with respect to a protrusion length, Figure 8B is a dia- 
gram showing a protrusion depth PL. and Figure 8C is 
a diagram showing a maximum treating depth D max . Fig- 
ure 9 is a chart showing a treating depth which is in ac- 
cordance with the number of-revolution and the feed 30 
rate of the rotating tool. 

[0040] In this embodiment, the protrusion length PL is 
set to be 80 to 90% of a desired depth. The desired 
depth becomes 1 .1 to 1 .2 times the length of the protru- 
sion length and is capable of being set from (0) to 10 35 
mm. And as shown in Figure 8A. the maximum treating 
depth D max becomes greater proportionally to the pro- 
trusion length PL (1.1 to 1.2 times the length of the pro- 
trusion), and a maximum treating width also becomes 
greater proportionally with a diameter of the protrusion. 40 
Further as shown in Figure 9, the maximum treating 
depth D max is determined by the protrusion length PL 
and seems to be little affected by the number of revolu- 
tion and the feed rate. Still further, variations in the max- 
imum treating depth become smaller compared with the 45 
variations caused by the remelt treatment exemplified 
in Figure 9, so lhal Ihe high reliability can be achieved. 
[0041] As in the case of this embodiment where the 
space between valves of the cylinder head is subjected 
to the surface treatment under the condition that the so 
maximum compression pressure, in a combustion 
chamber, is at maximum lovel of the order of 150 kgf/ 
cm 2 , It is preferable to set the number of revolution of 
the rotating tool at 1200 to 2400 rpm, the feed rate at 30 
to 150 mm/min., and the maximum treating depth D max 55 
at 4 mm or more after the finish processing (machining 
width of 1 mm or less), taking its productivity into con- 
sideration. 



[0042] Figure 1 0 is a diagram showing an example of 
an unfilled defect. Figure 11 is a diagram showing an 
oblique angle of the rotating tool. 
[0043] Under the above described condition, when 
the rotating tool is positioned perpendicular to the sur- 
face to be treated (the oblique angle e is 0°), it is difficult 
to prevent the unfilled defects from developing in the vi- 
cinity of corners of the rotating tool as shown in Figure 
10. In addition, when the oblique angle 0 is 5* or more, 
a deep groove is unfavorably formed in the surface treat- 
ed by an edge of the shoulder portion 3 of the rotating 
tool 4, so that lots of burrs are produced to make the 
surface appearance worse and the machining allow- 
ance becomes larger during the finish processing. 
Therefore, the productivity can be improved with the un- 
filled defects being suppressed and with the treating 
depth and the feed rate being increased by means of 
moving the rotating tool 4 in a situation such that the 
Totaling lool 4 is inclined loward a direction opposite to 
a feed direction with respect to the surface of an surface 
treating region in a range of the oblique angle 6 of 0° < 
0 < 5° as shown in Figure 1 1 . 

[Manufacturing Method of Cylinder Head] 

[0044] A manufacturing process of a cylinder head 
used for a diesel engine according to an embodiment of 
the present invention will be described. 
[0045] Figure 12 is a flowchartfor describing the man- 
ufacturing process of the cylinder head used for the die- 
sel engine according to this embodiment. 
[0046] At step S1 , the cylinder head as an intermedi- 
ate is cast from an aluminum alloy as shown in Figure 
1 2. At step S2, the cast is removed from a casting mold, 
then a sprue is cut. At step S3, the cast which is removed 
from the casting mold is subjected to a T6 heat treatment 
for principally the purpose of sand stripping. At step S4, 
the space between valves of the cast is subjected to a 
surface treatment which involves frictional stirring. At 
step S5, the cast is subjected again to theT6 heat treat- 
ment to increase its hardness and strength. At step S6, 
the finish processing is performed. 
[0047] The surface treatment which involves frictional 
stirring as described below eliminates the need for pre- 
processing of the rem eft treatment at step T4. preheat- 
ing of the casting at step T5, and repeated T6 heat treat- 
ment shown in Figure 34, so lhal the manufacturing 
process can be simplified and reductions in the manu- 
facturing costs can be achieved compared with the prior 
art. 

[Surface Treatment with Frictional Stirring] 

[0048] Next, the frictional stirring treatment in Figure 
12 will be described. 
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<Surface Treatment of the First Embodiment 

[0049] Figures 13 to 17 are drawings for describing 
the procedure of the frictional stirring treatment per* 
formed on the space between valves, as the first em- 
bodiment. 

[0050] As a pre-process of the frictional stirring treat- 
ment, when the cylinder head H is cast, at a space be- 
tween valves 10 along a line L1 connecting a center of 
an intake port 14 to a center of an exhaust port 15 ad- 
jacent thereto, an intermediate having a pads portion 1 1 
and a cored hole 12 is formed on an extended portion 
of each port as shown in Figure 13. The cored hole 12 
may be processed by a drill or the like after performing 
the casting and is formed in substantially the same size 
as that of protrusion 2 so as to be adapted to the diam- 
eter and the length of the protrusion 2. 
[0051] Next, positioning is carried out with the protru- 
sion 2 being inserted into the cored hole 12 while being 
rotatably driving, and at the same time, the shoulder por- 
tion 3 of the rotating tool 4 is pressed against the surface 
of the space between valves 10 in order to determine 
the treating depth as shown in Figure 14. 
[0052] Then, the line L1 connecting the centers of the 
adjacent ports is assumed to be a moving locus of the 
protrusion 2, and the protrusion 2 is moved by the tool 
driving means 5 along the moving locus which starts 
from the cored hole 12 of one pads portion 11 to the 
other pads portion 11 while stirring by the frictional heat 
as shown in Figure 15. At this moment, a circular groove 
1 6 is formed on a surface of the space between valves 
along the line L1 , with the shoulder portion 3 of the ro- 
tating tool 4 being pressed against the surface. 
[0053] Further, the protrusion 2 is moved to the other 
pads portion 11 before detaching it from the space be- 
tween valves 1 1 as shown in Figure 16. At this moment, 
a terminal hole 1 3 is formed in the other pads portion 11 
as an terminal point of the protrusion 2. 
[0054] Finally, the pads portions 1 1 are eliminated and 
the finish processing is carried out for the intake port 14 
and the exhaust port 15 as shown in Figure 17. 
[0055] Figure 1 8A is a diagram showing a treating di- 
rection of the space between valves caused by the 
remelt treatment, and Figure 18B is a cross -sectional 
view showing a treating depth caused by the treating 
direction in Figure 1 8A" Figure i 9Als"a"diagi ram showing 
a space between valves and Lhe treating direction 
caused by the frictional stirring treatment according to 
this embodiment, and Figure 19B is a cross -sectional 
view of the treating depth caused by the treating direc- 
tion in Figure 19A, seen from a direction perpendicular 
to the moving locus of the rotating tool. Figure 20 is a 
cross-sectional view of the treating depth at the space 
between valves caused by the frictional stirring treat- 
ment of this embodiment, seen from a direction parallel 
to the moving locus of the protrusion. 
[0056] In the above described surface treatment, as- 
suming the line L1 connecting between the centers of 



the adjacent intake port 14 and exhaust port 15 as a 
moving locus of the protrusion 2 and moving across the 
space between valves 10 in the shortest distance, the 
treatment is performed in a direction such that the 
5 cracks occur in the space between valves 1 0 as shown 
in Figures 19A, 19B : and 20. Therefore, the treating 
depth at the space between valves 1 0 can be easily in- 
creased compared with the case of the remelt treatment 
wherein the treatment is performed perpendicular to a 
10 direction in which the cracks occu r in the space between 
valves as shown in Figure 1 8A and 1 8B. In addition, the 
moving locus of the protrusion 2 is capable of being set 
not only along the line L1 connecting between the cent- 
ers of adjacent ports but also at a region wherein the 

is other cracks easily occur. 

[0057] Figure 21 A is a cross-sectional view of a metal 
texture and a base material being subjected to the sur- 
face treatment according to this embodiment, and Fig- 
ure 21 B is a cross-seclional view showing the metal lex- 

20 ture and the base material in Figure 21 A separately. Fig- 
ure 22A is a cross-sectional view showing the metal tex- 
ture subjected to the surface treatment according to this 
embodiment, and Figure 22B is a cross-sectional view 
showing the metal texture subjected to the remelt trcat- 

25 ment. 

[0058] As shown in Figures 21 A and 21 B, performing 
the surface treatment through the frictional stirring pro- 
vides uniform dispersion of fine eutectic silicon and for- 
mation of the metal texture without vacancy defects. 
30 And as shown in Figures 22A and 22B, a fine metal tex- 
ture which is of the same level as that obtained by the 
remelt treatment can be formed. 

<Surface Treatment of the Second Embodiment 

35 

[0059] As shown in Figure 23, a treating region cross 
section created by a rotating tool whose protrusion 
shape is a left-handed thread type which is rotated 
clockwise is stirred so that the material is pressed 

40 against its inside with the protrusion of this tool being 
centered in the region. Therefore, with respect to the ro- 
tating direction of this tool, at a portion in which the ma- 
terial flows in the same direction as the travel of the ro- 
tating tool, a treating depth in which the plastic flow is 

45 produced at a shallow position becomes shaliow ; so that 
the" cross section of thaT portion beebm^s^ regiori R1" 
having a small secLional area. On the other hand, al a 
portion in which the material flows in a direction opposite 
to the travel of the rotating tool, a treating depth in which 

50 the plastic flow is produced at a deep position becomes 
deep, so that the cross section of that portion becomes 
a region R2 having a largo sectional area. The differ- 
ence between these regions R1 and R2 is assumed to 
be a result of the material being stirred faster since the 

55 relative velocities between the rotating tool and the ma- 
terial become fast in a direction which is the same as 
the rotating direction of the tool, while the mat rial is 
stirred slower since the relative velocities between the 
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rotating tool and the material become slow in a direction 
opposite to the rotating direction of the tool. 
[0060] In this case, the protrusion shape of the rotat- 
ing tool is not limited to this thread type, but a spherical 
type (Figure 4) or a cylindrical type (Figure 5) is also 
applicable to the protrusion. 

[0061] The frictional stirring treatment of the second 
embodiment, utilizing this characteristics, achieves the 
proper use of the first treating pattern wherein a plurality 
of treating paths (for example, forward and backward 
paths) are set so that the treating depths become sub- 
stantially uniform by overlapping the regions R2 in which 
the plastic flows are produced at shallow positions as 
shown in Figure 24, and the second treating pattern 
wh rein, opposed to the first treating pattern, the mate- 
rial is prevented from flowing out by overlapping the re- 
gions R1 in which the plastic flows are produced at deep 
positions to control the treating depths as shown in Fig- 
ure 25. In this way, a large region can be treated with 
the rotating tool having a small protrusion, and also, in 
the first treating pattern, when the surface treatment of 
the cylinder head is performed on a region which is po- 
sitioned as close as possible to a port end, the deforma- 
tion of the port end shown in Figure 27 can be avoided 
by the treatment which is performed so that the small 
region R1 is positioned at a thin-walled side of the port 
end as shown in Figure 26. Further, in the first and sec- 
ond treating patterns, the overlapping is performed so 
that the maximum treating depths become substantially 
the same levels, and an indentation of the shoulder por- 
tion of the rotating tool into the material is determined. 
[0062] On the other hand, a disadvantage of the sur- 
face treatment which uses a rotating tool having a pro- 
trusion is that the terminal hole created by the protrusion 
is left at a terminal point of the treating path. In addition, 
the defects easily occur at a start point of the treatment, 
so that the treating path is set such that the path passes 
through the start point in order to solve this problem. 
Further, if the treatment is performed on a surface of a 
cast which is subjected to the perforating for bolts used 
for the cylinder head or the like in a post-process, the 
terminal point of the treating path is set at a position on 
which the perforation is performed by the use of a pro- 
trusion having a diameter smaller than the hole pro- 
duced by the perforating. In this way, it becomes possi- 
ble to prevent the terminal holes from remaining on the 
product. 

[0063] Next, the surface treatment of the cylinder 
head of the straight-type multi -cylinder diesel engine 
which employs the frictional stirring treatment of the sec- 
ond embodiment will be described. 
[0064] As shown in Figure 28, the cylinder head H has 
pairs of intake ports 14. pairs of exhaust ports 15, and 
a plurality of tension bolt holes 21 for fastening to a cyl- 
inderblock which is not shown in this figure, correspond- 
ing to a plurality of cylinders. In this case, there is a need 
for providing larger intak ports in order to increase an 
intake capacity, so that an area between adjacent intake 



ports become narrower and becomes a thin-walled por- 
tion. The frictional stirring treatment of the second em- 
bodiment is particularly effective for a treatment of such 
a site. 

5 [0065] And as an example of treating paths, as shown 
in Figure 28, via a first path P1 which extends for con- 
tinuous treatment from one longitudinal end to the other 
of a cylinder head H passing between pairs of exhaust 
ports 15 and pairs of intake ports 14 opposed to each 
10 other with respect to one cylinder and which terminates 
in a tension bolt hole 21 , and via second paths P2 to P5 
which, after treatment by this first path P1, extend for 
successive treatment from cylinders adjacent the termi- 
nal point of the first path P1 and between a pair of ex- 
*s haust ports 1 5 and a pair of intake ports 1 4 opposed to 
each other and which terminate in tension bolt holes 21 , 
the surface of the cylinder head H is stirred for refining 
without melting it by the heat from a rotating tool. 
[0066] As another example of treating paths concern- 
ing the above described first treating pattern, as shown 
in Figure 29, via a first forward path Q1 which extends 
for continuous treatment from one longitudinal end to 
the other of a cylinder head H passing between pairs of 
exhaust ports 15 and pairs of intake ports 14 opposed 
to each other with respect to one cylinder and which ter- 
minates in a tension bolt hole 21 , via a first backward 
path Q2 which extends for continuous treatment from 
the other longitudinal end to one longitudinal end of the 
cylinder head H passing between pairs of exhaust ports 
15 and pairs of intake ports 14 opposed to each other 
in parallel with and in the opposite direction to this first 
forward path Q1 and which terminates in a tension bolt 
hole 21, and via second forward and backward paths 
Q3 to Q6 which, after treatment by this first backward 
path Q2 S extend for successive treatment from cylinders 
adjacent the terminal point of the first backward path Q2 
and travel in forward and backward directions between 
a pair of exhaust ports 15 and a pair of intake ports 14 
opposed to each other so that backward paths are pass- 
ing through start points Qs of forward paths and which 
terminate in tension bolt holes 21 , the surface of the cyl- 
inder head H is stirred for refining without melting it by 
the heat from a rotating tool. 

[0067] In this way, only the required site of a large re- 
gion can be treated by setting the treating paths for the 
cylinder head H, so that the residual stress can be re- 
duced and the treating lime can also be decreased. On 
the other hand, if a region between the ports 14 and 15 
is subjected to the remelt treatment so that the region 
becomes shaped as shown in Figure 8 and Figure 30, 
substantially the whole area between the ports 14 and 
15 is required to be treated. 

[0068] Further, the deformation of the material can be 
suppressed since the treating time can be decreased. 
On the other hand, although the treating path becomes 
shorter if the remelt treatment is performed so that the 
above described region becomes th shape of the Fig- 
ure 8, the deformation of the material easily occurs be- 
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cause the path passes in the vicinity of the ports. 
[0069] Still further the forward and backward paths 
have an advantage of causing little deforming of the ma- 
terial because the temperature distribution of the mate- 
rial at the forward path is different from that of the ma- 5 
terial at the backward path. If the treatment is performed 
such that the above described region becomes the 
shape of the Figure 8, the material is easily deformed 
because the material resistance at a portion in which the 
treating regions are overlapped decreases. 10 
[0070] In the above described surface treatment of 
the cylinder head, the rotating tool is preferably set un- 
der the conditions such that an oblique angle 6 is 0°, the 
number of revolution is 600 to 1000 rpm, the feed rate 
is 300 to 500 mm/min., a length of the protrusion is 5.8 *5 
mm, the diameter of the protrusion is 7±1 mm, the di- 
ameter of the shoulder portion is 15±1 mm in order to 
obtain atreating depth of 6 to 6.5 mm, the treating width 
of the first path of 7.5 lo 8 mm, and the treating width of 
the second path of 15 mm. In this case, an each size of 20 
the diameters of the protrusion and the shoulder portion 
is set to be in a relation of 2<shoulder portion/protru- 
sion^. In addition, the indentation of the shoulder por- 
tion into the treating surface of the material is set to be 
1 mm or less. 25 

[Heat Treatment after the Surface Treatment] 

[0071] Figure 31 is a graph showing a comparison of 
a hardness in case of being subjected to a T6 heat treat- 30 
ment with a hardness in case of not being subjected to 
the T6 heat treatment, after being subjected to the sur- 
face treatment through stirring. Figure 32 is a diagram 
showing a comparison of a mechanical characteristic in 
case of being subjected to only the T6 heat treatment, 35 
in case of being subjected to the T6 heat treatment after 
the surface treatment through stirring, and in case of be- 
ing subjected to the T6 heat treatment after the remelt 
treatment. Figure 33 is a graph showing a relation be- 
tween an initial hardness and a thermal fatigue life which 40 
varies depending on different heat treatments. 
[0072] When the heat treatment is performed before 
the finish processing, in addition to the above described 
surf ace treatment through stirring, the hardnesses (Hv) 
of both the surface treating texture and the underlying 45 
base material layer can be Increased as shown In Figure" 
31. And more excellent tensile strenglh and elongaLion 
characteristic can be obtained even when compared 
with mechanical characteristics which is in case of being 
subjected to only the T6 heat treatment, in case of being so 
subjected to the T6 heat treatment afterthe remelt treat- 
ment, and in case of being subjected to only the friction al 
stirring treatment respectively, as shown in Figure 32. 
[0073] Further, the material which is not subjected to 
the heat treatment has a low initial hardness and an im- 55 
proved elongation characteristic as can be seen from 
Figure 33, so that its thermal fatigu life is increased and 
the strength against the thermal shock also increases. 



Therefore, it is effective to use this material which was 
subjected only to the friction al stirring treatment and has 
an improved elongation characteristic, for the site re- 
quired to have a high strength against the thermal fa- 
tigue. 

[0074] On the other hand, forthe site to which the ther- 
mal fatigue is provided combined with the mechanical 
high cycle fatigue, the frictional stirring treatment and 
the T6 heat treatment are effectively performed in order 
to allow the high strength and elongation to be compat- 
ible with each other since the strength is needed in ad- 
dition to the elongation. Further, the T6 heat treatment 
is also effective for recovering the strength even when 
the region in the vicinity of the treating texture is sof- 
tened to reduce its strength under the influence of heat. 
[0075] As an example of the heat treatment, a T6 heat 
treatment (a solution heat treatment and an aging treat- 
ment) based on the JIS is effective. In the solution heat 
treatment, the material is kept at a temperature of 535°C 
(±5°C), which is appropriate for this treatment, for four 
hours and subsequently subjected to hardening which 
is carried out by the use of boiling water. In the aging 
treatment, the material is kept at an aging temperature 
of 180°C (±5°C) for six-hours and subsequently cooled 
in air. 

Industrial Applicability 

[0076] As described above, when a surface of a cast- 
ing which has concave portions is stirred for refining 
without melting it by the heat from a rotating tool, a treats 
ing region can be made deeper while preventing unfilled 
defects from occurring due to the deformation of the ma- 
terial by performing the surface treatment such that, in 
a surface treating path of a rotating tool in the region 
nearest to the concave portion, the material between the 
concave portion and the rotating tool flows in a direction 
opposite to the travel of the rotating tool. 
[0077] And preferably, when a surface of a cast which 
has concave portions is stirred for refining without melt- 
ing it by the heat from a rotating tool, the treating region 
can be made wider while preventing the shoulder defor- 
mation from occurring at an edge of the concave portion 
with the use of this non-melting treatment by preferably 
performing the surface treatment such that, in the sur- 
face treating path of "aTotafin'g tool in the regiorThearest 
lo the concave portion, the material between the con- 
cave portion and the rotating tool flows in a direction 
which is the same as the traveling direction of the rotat- 
ing tool. 

[0078] And preferably, when the surface of a cast 
which is subjected to the perforating is stirred for refining 
without melting it by the heat from a rotating tool, the 
finish can be applied to a product without leaving termi- 
nal holes in the product by preferably perf omning the sur- 
face treatment such that a terminal point of the surface 
treating path created by the rotating tool is in a position 
subjected to the perforating by the use of the rotating 
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tool whose diameter is smaller than that of the hole in 
the perforating. 

[0079] And preferably, when a plurality of concave 
portions exist, treating regions can be made wider and 
deeper while preventing unfilled defects from occurring 5 
due to the deformation of the material by refining the 
regions between concave portions with the use of the 
rotating tool and by setting the surface treating paths so 
that the refining regions are overlapped. 
[0080] And preferably, the finish can be applied to a io 
product without leaving terminal holes in the product by 
setting the terminal holes of the surface treating paths 
so that the paths are passing through the start points of 
the surface treating paths. 

[0081 ] And preferably, the cast is a cylinder head hav- * 5 
ing a pair of intake ports and a pair of exhaust ports cor- 
responding to a plurality of cylinders, the treating region 
can be made wider and deeper while preventing unfilled 
defects from occurring due lo the deformaLion of the ma- 
terial by performing the surface treatment wherein a 20 
continuous treatment is performed along a longitudinal 
direction of the cylinder head between the pair of ex- 
haust ports and the pair of intake ports and subsequent- 
ly performed from cylinders adjacent to the position and 
between the above described exhaust ports and intake 
ports. 

Claims 

30 

1. A surface treating method in which a surface of a 
cast having concave portions is stirred for refining, 
without melting the cost by heat from a rotating tool, 
characterized in that the surface treatment is per- 
formed such that, the surface treating path of said 35 
rotating tool in a region which is in the closest vicin- 
ity of said concave portion, the material between 
said concave portion and the rotating tool flows in 

a direction opposite to the travel of said rotating tool. 

40 

2. A surface treating method in which a surface of a 
cast having concave portions is stirred for refining 
without melting the cost by the heat from a rotating 
tool : 

characterized in that the surface treatment is per- 45 
formed such that, the surface treating path of said 
rotating tool in a region which is in the closest vicin- 
ity of said concave portion, the material between 
said concave portion and the rotating tool flows in 
the same direction as the travel of said rotating tool. 50 

3. A surface treating method in which a surface of a 
cast subjected to a perforating action is stirred for 
refining without melting ft by the heat from a rotating 
tool ; 55 
characterized in that the surface treatment is per- 
formed by use of the rotating tool whose diameter 

is smaller than that of a hole created by said perfo- 
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rating action, a terminal point of a surface treating 
path created by said rotating tool becomes a posi- 
tion which is subjected to said perforating action. 

4. The surface treating method according to any one 
of claims 1 to 3, characterized in that a plurality of 
said concave portions are provided, regions be- 
tween said concave portions are refined by said ro- 
tating tool, and said surface treating paths are set 
such that said refined regions are overlapped. 

5. The surface treating method according to any one 
of claims 1 to 3. characterized in that the terminal 
point of said surface treating path is set such that 
the path passes through a start point of said surface 
treating path. 

6. The surface treating method according to any one 
of claims 1 to 3, characterized in that the surface 
treatment is performed such that, in the case where 
said casting is a cylinder head having a pair of in- 
take ports and a pair of exhaust ports corresponding 
to a plurality of cylinders, a continuous treatment is 
carried out along a longitudinal direction of said cyl- 
inder and between said pair of exhaust ports and 
said intake ports and subsequently carried out from 
a cylinder adjacent to the position and between said 
exhaust ports and intake ports. 

7. A treating member having concave portions a sur- 
face which is stirred for refining without melting said 
surface by the heat from a rotating tool, character- 
ized in that the surface treatment is performed 
such that, in a surface treating path of said rotating 
tool in a region which is in the closest vicinity of said 
concave portion, the material between said con- 
cave portion and the rotating tool flows in a direction 
opposite to the travel of said rotating tool. 

8. A treating member having concave portions a sur- 
face of which is stirred for refining without melting 
said surface by the heat from a rotating tool, char- 
acterized in that the surface treatment is per- 
formed such that, in a surface treating path of said 
rotating tool in a region which is in the closest vicin- 
ity of said concave portion, the material between 
said concave portion and the rotating tool flows in 
the same direction as the travel of said rotating tool. 

9. A treating member which is subjected to the perfo- 
rating and stirred for refining without melting the 
treating member by the heat from a rotating tool, 
characterized in that the surface treatment is per- 
formed such that, by the use of the rotating tool 
whose diameter is smaller than that of a hole creat- 
ed by said perforating, the terminal point of a sur- 
face treating path created by said rotating tool be- 
comes a position which is subjected to said perfo- 
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